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(57) Abstract 

A prosthetic ligament fixation system which comprises a 
prosthetic ligament (15) which can be taken through first and sec- 
ond bone tunnels (13, 14) formed in adjoining bones (11, 12) of a 
bone joint (10), a first fixing device (16) for holding one end of the 
ligament at or near to one end (19) of the first bone tunnel (13) and 
intended to seat itself on the surface of the bone surrounding en- 
trance (19) to the bone tunnel (13) and a second fixing device (18) 
for holding an opposite end of the ligament (15) at or near to one 
end of the second bone tunnel (14) in which the first fixing device 
comprises an annular seating device (20) with an annular bearing 
surface (20a) on its underside to seat on the surrounding surface of 
the bone at the entrance (19) to the first bone tunnel (13) and also 
comprising a U-shaped cradle (22) adjustably mounted on, and ex- 
tending away from seating device (20) to be located in the first 
bone tunnel (13) whereby the cradle (22) holds one end of the liga- 
ment but is capable of adjusting its position relative to the seating 
device (20) if necessary, so that the seating device can apply sub- 
stantially uniform bearing pressure while the ligament (15) can ex- 
tend along the bone tunnels (13, 14) without coming into engage- 
ment with the walls of the tunnels. 
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IMPLANTABLE FIXING DEVICE FOR KNEE LIGAMENT PROSTHESIS 

This invention r^lat^s to an implantable fixing device 
for securing on* end of an elongate flexible tensile element, 
such as a prosthetic ligament, and to a prosthetic ligament 
fixation system. 

Prosthetic ligaments are being installed in patients to 
an ever increasing extend, and in one known form comprises a 
woven structure of implantable material which can be used to 
join the adjacent ends of a bone joint e.g. the femur to a 
tibia of a knee joint following ACL replacement surgery. 

The prosthetic ligament joins the bones together, and 
is usually anchored at one end of a reamed-out bone tunnel by 
a suitable fixing device. and at its other end by a bone 
staple. One known type of prosthetic ligament is disclosed 
in more detail in EP 126520. and has a pouch near one end in 
which a bone plug can be introduced, and which anchors this 
end of the ligament at the entrance to the bone tunnel, and 
with the ligament being threaded through the bone tunnels 
formed in the femur and the tibia, and having its free end 
anchored by a bone staple driven into a suitable bone site 
and thereby trapping the ligament end. 

The use of a woven prosthetic ligament has the 
advantage of providing a durable implantable tensile element 
with a long service life, and which allows tissue ingrowth 
over a period of time to improve the anchorage of the ends of 
the ligaments. 

However, prosthetic ligaments do not need to be made of 
synthetic i.e. man matJe material, and there is also use of 
prosthetic ligaments buit-up from naturally available 
material (autogenous tissue) which may be "harvested- from a 
patient undergoing surgery which involves the need for a 
replacement -ligament. 

S mi -tend i nosus or gracilis tissue can be used for this 
purpose, which is formed into a prosthetic ligament bundle 
looped at one end around a fixing or anchoring device, and 
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the use of this procedure is particularly favoured by US 
surgeons . 

In one aspect, the present invention is concerned with 
a novel fixing device for securing one end of an implantable 
flexible tensile element, such as a prosthetic ligament of 
any suitable material, which will include an implantable 
woven ligament and also naturally available material which 
can be formed into a prosthetic ligament, as well as other 
flexible tensile implantable elements, such as a suture. 

In a further aspect, the invention is concerned with a 
prosthetic ligament fixation system. 

In ACL replacement surgery, usually the upper end of 
the prosthetic ligament is anchored near the upper end of a 
bone tunnel reamed out of the femur, whereas the lower end of 
the ligament extends beyond the lower end of the tunnel 
reamed out of the tibia* and this lower projecting end is 
anchored by a bone staple driven into a suitable site on the 
tibia with the end of the ligament being trapped under the 
bar or cross piece of the staple. 

In order to secure the upper end of the ligament 
reliably in position. it is important to provide a fixing 
device which can bear on the surface of the bone surrounding 
the entrance to the bone tunnel formed in the femur, as this 
has the required strength and wear resistance to withstand 
the loads which will be applied to the fixing device by the 
ligament during articulation of the knee joint. 

However, the surrounding surface of the bone is not 
always uniformly smobth. and neither is it always truly 
perpendicular to the general axis of the bone tunnel. This 
gives rise to a problem. in that the ligament has to be 
looped around a part of the fixing device, and then is able 
to apply a tensile force to the fixing device in a direction 
generally along the axis of the tunnel. which can cause 
improper seating of the fixing device on the surface of the 
bone surrounding the entrance to the tunnel, which can give 
rise to non-uniform bearing pressure. or to localised high 
pressure contact areas. Clearly, this is undesirable, as it 
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may be the cause of unreliability. and also may result in 
accelerated w ar of the bone surface. and ultimately in 
slippage of the fixing device with resulting loss of tension 
in the 1 i gament . 

The present invention therefore addresses this problem, 
an d seeks to provide an improved seating of the fixing device 
on the surrounding bone surface. while permitting 
satisfactory attachment of the ligament around a part of the 
fixing device. 

According to a first aspect of the invention there is 
provided a prosthetic fixation system comprising: 

a prosthetic ligament which can be taken through first 
and second bone tunnels formed in adjoining bones of a bone 

joint: 

a first fixing device for holding one end of the 
ligament at or near to one end of the first bone tunnel, said 
fixing device being intended to seat itself on the surface of 
the bone surrounding an entrance to said one end of the first 
bone tunnel : and 

a second fixing device for holding an opposite end of 
the ligament at or near to one end of the second bone tunnel: 

in which the first fixing device comprises a seating 
device having an annular bearing surface to seat on said 
surrounding surface at the entrance to the first bone tunnel: 
and a cradle adjustably mounted on. and extending away from 
the seating device to be located in the first bone tunnel, 
said cradle serving to hold one end of the ligament and being 
capable of adjusting its position relative to the seating 
device, if necessary. so that the seating device can apply 
substantially uniform bearing pressure via its annular 
bearing surface while the ligament can extend along the bone 
tunnels without coming into engagement with the walls of the 
tunnels . 

According to a further aspect of the invention there is 
provided an implantable fixing device for securing one nd of 
a flexible elongate element, such as a prosthetic ligament, 
which is taken through first and second bone tunnels formed 
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in adjoining bones of a bone joint, said fixing device being 
intended to seat itself on the surface of the bone 
surrounding an entrance to one of the bone tunnels, and said 
device comprising: 

a seating device which is shaped so as to seat at. least 
partly on said surrounding bone surface: and 

a cradle which is adjustably mounted on. and extends 
away from the seating device to be located in the first bone 
tunnel, said cradle serving to hold one end of the ligament 
and being capable of adjusting its position relative to the 
seating device, if necessary, so that the seating device can 
apply substantially uniform bearing pressure via an annular 
bearing surface while the ligament can extend along the bone 
tunnels without coming into engagement with the walls of the 
tunnels. 

Preferably* the seating device comprises a collar, and 
the cradle is pivotally mounted on this collar. 

The cradle may be U-shaped having a base around which 
the ligament can be looped. and a pair of parallel legs 
connected to the base and which are pivotally mounted at 
their free ends on the collar. 

The free ends of the legs may have lugs which can seat 
each on a respective one of a pair of diametrically opposed 
seating recesses formed in the collar, and preferably these 
lugs are out-turned lugs. This therefore allows the U-shaped 
cradle to be mounted on the collar by inward deformation of 
the free ends of the legs, or by relative slidable movement 
of the base and legs through the collar until the lugs become 
seated on the respective seating recesses. 

In a particularly preferred arrangement. a plug can be 
positioned within the cradle to occupy at least part of the 
entrance portion of the first bone tunnel, and preferably the 
plug is a bone plug derived from the bone material reamed out. 
during formation of the bone tunn Is. and preferably shap d 
so as to b able to fit within and t-s engage with the cradle, 
but also to have at least part of its outer surface located 
closely adjac nt to the inner wall of the adjacent part of 
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the bone tunnel. This will promote boney ingrowth from the 
wall of the tunnel to join with the bone plug and the cradle 
over a period of time, to further improve the anchoring of 
th*» elongate element e.g a ligament. 

The end of the ligament remote f rom the cradle and 
seating device is preferably anchored in position by use of a 
fastening staple or bon* staple, which can be driven into the 
bone near the exit of the ligament from the second bone 
tunne 1 . 

The prosthetic ligament may be manufactured from woven 
implantable material. or may be derived from autogenous 
tissue harvested from the patient. Alternatively. the 

elongate implantable element may comprise a suture e.g of the 
type used with patellar tendon bone block grafts. 

One embodiment of implantable fixing device, and of 
prosthetic ligament fixation system. according to the 
invention will now be described in detail, by way of example 
only, with reference to the accompanying drawings in which: 

Figure 1 is a schematic illustration of an implantable 
fixing device being used to anchor the upper end of a 
prosthetic ligament derived from autogenous tissue and used 
in ACL replacement surgery; 

Figures 2a and 2b are. respectively, a plan view and a 
side view of a collar of the fixing device shown in Figure 1: 
and . 

Figure 3 is a side view of a cradle which inter-fits 
with the collar shown in Figure 2 in order to complete the 
assembly of the fixing device. 

Referring now the drawings, there will be described, by 
way of example only, the use of a fixing device to secure the 
upper end of a prosthetic ligament derived from autogenous 
tissue and used in ACL replacement surgery. This is merely 
one example of a type of implantable flexible elongate 
tensile elem nt with which the fixing devic of the invention 
may be used. This example also comprises an embodiment of 
prosthetic ligament fixation system according to the 
i nvent i on . 
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Referring particularly to Figure 1. this shows a 
typical knee joint 10 comprising a femur 11 and tibia 12, and 
through which have been formed, by reaming-out. aligned bone 
tunnels 13 and 14 respectively. for ACL replacement surgery. 
A~ prosthetic ligament 15 is shown extending through the 
tunnels 13 and 14. and is derived from autogenous tissue e.g. 
semi -tendinosus/graci 1 i s material. The upper end of the 
prosthetic ligament 15 is looped around a fixing device 
according to the invention which is designated generally by 
reference 16. whereas the lower end 17 of the ligament 
projects beyond the lower end of bone tunnel 14 and can be 
anchored in position by a bone staple 18 e.g. of the type 
disclosed in V0 91/06249 which is driven into a suitable site 
in the tibia 12. thereby trapping the ligament end 17 
securely. 

The walls of the bone tunnels 13 and 14 are relatively 
soft, and therefore to secure reliably the upper end of the 
prosthetic ligament. it is important to provide a fixing 
device 16 which can seat itself reliably upon the bone 
surface surrounding the entrance 19 to the bone tunnel 13. 
which is sufficiently strong and wear resistant. 

The construction of fixing device 16 is shown in more 
detail in Figures 2 and 3. and comprises a seating device in 
the form of a collar 20 which is shaped so as to seat on at 
least part of the annular bone surface surrounding the 
entrance 19 to bone tunnel 13 (via annular bearing surface 
20a on its underside ) . and which has a through-hole 21 
formed in the collar 20. 

The fixing device 16 also includes a U-shaped cradle or 
stirrup 22 which is capable of being taken through the hole 
21 in the collar 20 upon assembly, cradle 22 having a base 23 
around which prosthetic ligament 15 can be taken, a pair of 
parallel legs 24 connected to the base 23. and a pair of out- 
turned lugs 25 on the free ends of the legs 24. 

The lugs 25 are preferably out-turn d and can seat each 
on a respective one of a pair of diametrically opposed 
s ating recesses 26 formed in the collar 20 in order to 
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complete the assembly. and provide a pivotally adjustable 
mounting of the cradle 22 on collar 20. 

The collar 20 therefore can seat itself reliably and 
with substantially uniform bearing pressure upon the 
surrounding bone surface, and the cradle 22 can pivotally 
adjust itself, as necessary, via rocking engagement of lugs 
25 on the seating recesses 26 so that the ligament 15 can 
extend along the bone tunnels 13 and 14 without snagging or 
other engagement with the walls of the tunnels. 

The collar 20 is annular. and defines a circular hole 
through which the legs 24 of the cradle 22 can be taken upon 
assembly. until the lugs 25 come into engagement with the 
seating recesses 26. Alternatively. the legs 24 can be 
inwardly deformed to allow the ends of the legs 24 to pass 
through the collar. and then release of the deformation 
allows lugs 25 to snap-out into engagement with the recesses 
26. 

As can be seen from Figure 1, a bone plug 27 can 
complete the fixing device, and which is introduced through 
the hole 21 and which fits generally within the confines of 
the legs 24 and the base 23 of the cradle 22. The bone plug 
conveniently is fashioned from the bone material reamed-out 
during formation of the bone tunnels 13 and 14. and 
preferably is shaped so as to be able to fit within and to 
engage with the cradle, but also to have at least part of its 
outer surface closely adjacent to the wall of bone tunnel 13. 
This will promote boney ingrowth from the wall of the tunnel 
to join with the bone plug and the cradle over a period of 
time, to further improve the anchoring of the ligament. 

The bone staple 18 preferably comprises a bone staple 
of the type disclosed in more detail in International 
publication WO 91/06249. 

Instead of use of autogenous tissue to form the 
prosthetic ligament 15. the prosthetic 1 i gam nt may comprise 
a synthetic device e.g of the type disclosed in more detail 
in EP 126520. Alternatively, the fixing device 16 of the 
invention may b used to secure one end of another type of 
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flexible implantable elongate device than a ligament, e.g. 
suture of the type used with patellar tendon bone bio 
grafts . 
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CLAIHS 

1. A prosthetic ligament fixation system comprising: 

a prosthetic ligament (15) which can be taken through 
first and second bone tunnels (13. 14) formed in adjoining 
bones (11. 12) of a bone joint ( 10) ; 

a first fixing device (16) for holding one end of the 
ligament (15) at or near to one end (19) of the first bone 
tunnel (1-3). said fixing device being intended to seat itself 
on the surface of the bone surrounding an entrance (19) to 
said one end of the first bone tunnel (13): and 

a second fixing device (18) for holding an opposite end 
(17) of the ligament (15) at or near to one end of the second 
bone tunnel (14): 

in which the first fixing device (16) comprises a 
seating device (20) having an annular bearing surface (20a) 
to seat on sai d surround ing surface at the entrance (19) to 
the first bone tunnel (13): and a cradle (22) adjustably 
mounted on. and extending away from the seating device (20) 
to be located in the first bone tunnel (13). said cradle (22) 
serving to hold one end of the ligament (15) and being 
capable of adjusting its position relative to the seating 
device (20). if necessary, so that the seating device (20) 
can apply subs t ant ially uniform bear i ng pressure via its 
annular bearing surface (20a) while the ligament (15) can 
extend along the bone tunnels (13. 14) wi thout coming into 
engagement with the walls of the tunnels. 

2. A fixation system according to claim 1. in which th 
seating device comprises a collar (20). and said cradle (22) 
is pivotally mounted on said collar. 

3. A fixation system according to claim 2. in which the 
cradle (22) is U-shaped having a base (23) around which the 
1 i gament (15) can be 1 ooped . and a pair of parallel legs (24) 
connected to the base (23) and which are pivotally mounted at 
their free ends (25) on said collar (20). 
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4. A fixation system according to claim 3 in which the free 
ends of the legs (24) have lugs (25) which can seat each on a 
respective one of a pair of diametrically opposed seating 
recesses (26) formed in the collar (20). 

5. A fixation system according to claim 4. in which the lugs 
(25) are out-turned lugs which allow the U-shaped cradle (22) 
to be mounted on the collar (20) by inward deformation of the 
free ends of the legs (24). or by a relative slidable 
movement of the base (23) and legs (24) through the collar 
until the lugs (25) become seated on the respective seating 
recesses (26). 

6. A fixation system according to any one of claims 3-5. 
including a plug (27) positionable with the cradle (22) to 
occupy at least part of the entrance portion (19) of said 
first bone tunnel (13). 

7. A fixation system according to claim 6. in which the plug 
is a bone plug (27) derived from material extracted during 
the formation of the bone tunnels (13. 14) formed in the 
bones (11. 12) of the patient. 

8. A fixation system according to any one of claims 1-7. 
in which the second fixing device comprises a bone staple 
(18). 

9. An implantable fixing device (16) for securing one end of 
a flexible elongate element (15). such as a prosthetic 
ligament. which is taken through first and second bone 
tunnels (13. 14) formed in adjoining bones (11. 12) of a bone 
joint (10). said fixing device being intended to seat itself 
on the surface of the bone surrounding an entrance (19) to 
one of the bone tunnels (13). and said device comprising: 

a seating device (20) which is shaped so as to seat at 
least partly on said surrounding bone surface: and 

a cradle (22) which is adjustably mount d on. and 
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extends away from the seating device ( 20 ) to be located in 
th~ first bone tunnel (13). said cradle serving to hold one 
end of the ligament (15) and being capable of adjusting its 
position relative to the seating device (20). if necessary, 
so that the seating device can apply substantially uniform 
bearing pressure via an annular bearing surface (20a) while 
the ligament (15) can extend along the bone tunnels (13. 14) 
without coming into engagement with the walls of the tunnels 
(13. 14) . 

10. An implantable fixing device according to claim 9. in 
which the seating device comprises a collar (20). and said 
cradle (22) is pivotally mounted on said collar. 

11. An implantable fixing device according to claim 10, in 
which the cradle (22) is U-shaped having a base (23) around 
which the ligament (15) can be looped, and a pair of parallel 
legs (24) connected to the base (23) and which are pivotally 
mounted at their free ends (25) on said collar (20). 

12. An implantable fixing device according to claim 11, in 
which the free ends of the legs (24) have lugs (25) which can 
seat each on a respective one of a pair of diametrically 
opposed seating recesses (26) formed in the collar (20). 

13. An implantable fixing device according to claim 12. in 
which the lugs are out-turned lugs (25) which allow the U- 
shaped cradle (22) to be mounted on the collar (20) by inward 
deformation of the free ends of the legs (24). or by a 
relative slidable movement of the base (23) and legs (24) 
through the collar until the lugs (25) become seated on the 
respective seating recesses (26). 

14. An implantable fixing device according to any one of 
claims 9 to 13. in combination with said flexible elongate 
element. in which said elongate element (25) comprises a 
prosthetic ligament or a suture. 
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15. An implantable fixing device according to claim 15. in 
which the elongate element comprises a prosthetic ligament 
<15) made of woven implantable material. or made from 
autogenous tissue derived from the patient. 
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